Objective: Hepatitis B virus (HBV) has a worldwide distribution and remains a leading public health problem in China. Method: Automated chemiluminescence microparticle immunoassay was used to test all five markers of HBV serology in serum samples among 696,048 patients, pregnant women, and normal subjects in Beijing from 2008 to 2018. Results: The overall prevalence of subjects categorized as previous/ occult HBV infection, inactive HBsAg carrier, active HBV infection, HBsAg, HBV susceptible, and immune via vaccination was 29.4%, 4.8%, 1.4%, 6.4%, 33.9% and 30.3%, respectively; men had a significantly higher prevalence of HBV infection than women. The prevalence of HBsAg was around 0.5% in subjects 10 years of age, increased dramatically to 3.7% in subjects between 11 and 20 years of age, reached the highest level of 7.9% in subjects between 41 and 50 years of age, and finally decreased to 2.8% in subjects ! 81 years of age. During the 10 years from 2008 to 2018, the prevalence of HBsAg was stabilized at about 6.0%, and indicators of HBV susceptibility, previous/ occult HBV infection, and immunity via vaccination were not further improved, despite the constant implementation of HBV vaccination since 1992. All four age groups (21 À 30y, 31 À 40y, 41 À 50y and 51 À 60y) of the normal adult population were found to have a significantly lower prevalence of HBsAg and HBV susceptibility but significantly higher prevalence of immunity via vaccination compared with corresponding age groups of the sub-total population. Conclusions: Although high coverage has been established among infants and young children, their vaccination alone could not reduce HBV infection in the adult Chinese population quickly. Adult populations with more vaccinated individuals are found to have fewer individuals with HBsAg. Vaccination in adults or at least in high-risk adults is an urgent need to decrease horizontal HBV transmission in China.
Introduction
Hepatitis B virus (HBV) has a worldwide distribution and remains as a leading public health problem. The World Health Organization (WHO) estimated that 257 million persons had chronic HBV infection globally in 2015 with approximately 887,000 deaths annually related to two major consequences of HBV infection, cirrhosis and hepatocellular carcinoma [1] . Serologic prevalence of the hepatitis B surface antigen (HBsAg) is usually used to define the endemicity of active HBV infection in various geographic areas worldwide. A prevalence of HBsAg of ! 8%, 5%À7%, 2%À4%, and < 2% are defined as highly endemic, high intermediate, low intermediate, and low endemic areas, respectively [2, 3] . In China, a universal HBV vaccination was implemented in infants in 1992 [4] , and HBV vaccination was integrated into the national immunization program in 2002 [5] . Prior to the implementation of national HBV vaccination in 1992, the prevalence of HBsAg was 9.8% in Chinese children 4 years of age in a large sample size survey [6] . Since then, the prevalence of HBsAg has decreased dramatically to 0.3% in children between 1 and 4 years of age in 2014 [7] . However, the data for Chinese adults or the general population may not be as optimistic as for the children. The prevalence of HBsAg in the population aged between 1 and 59 years dropped from 9.8% in 1992 to 7.2% in 2006 [3] , but 10 years later it remained as high as 7.7% in Eastern China in 2015 [8] , 7.07% in pregnant women in Northwest China in 2018 [9] , and 10.98% and 7.43% in patients visiting a general hospital in the South China in 2018 [10] and in Northeast China in 2019 [11] , respectively. Furthermore, the prevalence of serum HBsAg/ HBeAg was found to be 10.5% among 1.9 million couples preparing for pregnancy in rural China in 2017 [12] . Therefore, these areas remain a high intermediate endemic of HBV infection.
In this study population, there were 696,048 patients, pregnant women, and healthy subjects who visited Peking Union Medical College Hospital (PUMCH), Beijing for routine medical purposes or health examinations from 2008 to 2018, and they were tested for all five markers of HBV serology, including HBsAg, anti-HBs, hepatitis B virus e-antigen (HBeAg), anti-HBe, and anti-hepatitis B virus core antigen (anti-HBc). The aim of the study was to analyze the data of different stages of HBV infection as defined by HBV serology, including HBV susceptibility, HBV immunity via vaccination, previous/ occult HBV infection, inactive HBsAg carrier, and active HBV infection among this study population within various age groups during the 10-year time span. We focused on the current situation of HBV infection and challenges to our current vaccination policy with the main objective of eliminating HBV by 2030.
Materials and methods

Ethics statement
Our study was approved by the Ethics Committee (reference no. S-K735) of PUMCH, the Institution Review Board (IRB) of Peking Union Medical College Hospital, and was waived for requirement of informed consent as the blood samples were collected and tested for routine medical purposes. The results of HBV serologic markers had been reported to the patients and doctors before they were analyzed for this study. The patients' identifications were also removed before the analysis.
Study samples
A total of 696,048 blood samples from patients, pregnant women, and healthy subjects visiting the PUMCH for routine medical purposes or health examinations were collected and tested for all five markers of HBV serology, including HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc from May 2008 to December 2018. Our hospital has 1800 beds and attended to 3.79 million outpatients and 109,000 hospitalized patients in 2018. Half of patients in our hospital were Beijing residents, and rests were from other parts of China, mainly Northern China. Most pregnant women and healthy subjects were Beijing residents.
Inclusion criteria were the availability of blood samples from patients, pregnant women, or healthy subjects who: were Chinese; had demographic information; and had laboratory results for all five markers of HBV serology.
Exclusion criteria were the lack of availability of blood samples from patients, pregnant women, or healthy subjects who: were foreigners (as the study was designed only for Chinese subjects); had no demographic information; had no laboratory results; or had laboratory results but less than five markers of HBV serology. More than one blood sample per person within 1 year were considered to be repeated samples, and only the first sample was recruited and the rest excluded. Samples for more than one year apart were treated as new samples.
Laboratory testing
Blood samples were collected using sterile vacutainers and all sera were separated by centrifugation. The serum samples were tested for HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc using automated chemiluminescence microparticle immunoassay (CMIA, Abbott Architect i2000 SR, Abbott Laboratories, Wiesbaden, Germany). According the manufacturer's instruction, when the signal-to-cutoff ratio (S/CO) of a serum specimen was equal to or greater than 1.0, a positive reaction was reported, whereas a ratio of <1.0 reported a negative reaction for testing of HBsAg, HBeAg, anti-HBe, and anti-HBc. For testing of anti-HBs, the samples with a concentration of anti-HBs equal to or more than 10mIU/mL were reported as positive reactions and were immune via vaccination.
Statistical analysis
The results of the tests for HBV serological markers were stored in a server installed with our laboratory information system (LIS) after the results were reported. The data were exported to Microsoft Excel 2007 (Microsoft Corp., New York, NY), where they were sorted and preliminarily calculated. Statistical analysis was performed using IBM SPSS software (version 21.0). P-values < 0.05 were considered statistically significant. The chi-squared test with continuity correction was used to compare the prevalence of HBV infection.
Results
The demographic characteristics and definition of HBV infection
There were a total of 696,048 blood samples that were tested for HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc from 2008 to 2018, in which 263,591 (37.9%) samples were from men and 432,457 (62.1%) were from women. Among 696,048 blood samples, 133,491 (19.2%) blood samples were from the healthy population who underwent health examinations, 11,535 (1.7%) from patients visiting the hepatitis & infectious disease clinics, 35,468 (5.1%) from pregnant women undergoing prenatal care, and 51,5554 (74.1%) from other patients for various medical reasons including surgery, invasive operation, blood transfusion, etc. 6,752 duplicated samples for more than one year apart were included. The demographic characteristics of patients, pregnant women and the healthy subjects visiting PUMCH is shown in Table 1 .
On the basis of HBV serological markers, different stages of HBV infection, including HBV susceptible, HBV immune via vaccination, previous/occult HBV infection, inactive HBsAg carrier and active HBV infection are defined in Table 2 [13, 14] . The definition of immune via vaccination in our study is a positive reaction of anti-HBs with concentration ! 10mIU/mL (HBV immunity).
Prevalence of HBV infection
As shown in Table 3 , the overall prevalence of previous/occult HBV infection, inactive HBsAg carrier, active HBV infection, and HBsAg among 696,048 samples were 29.4%, 4.8%, 1.4%, and 6.4%, respectively; men had a significantly higher prevalence than women (v 2 = 2,077.7-5,145.3, P < 0.0001). Furthermore, the overall prevalence of HBV susceptible and immune via vaccination among 696,048 samples was 33.9% and 30.3%, respectively; women had a significantly higher prevalence than men (v 2 = 1,161.9-3,498.5, P < 0.0001).
Age-related prevalence of HBV infection
Age-related prevalence of HBV infection is shown in Table 4 . The prevalence of HBsAg was around 0.5% in subjects 10 years of age. However, the prevalence of HBsAg showed a dramatic increase to 3.7% in subjects between 11 and 20 years of age, an increase to 7.9% in subjects between 41 and 50 years of age, and a decrease to 2.8% with increasing age in subjects ! 81 years of age. The prevalence of previous/ occult HBV infection increased steadily with age to 56.0% in subjects ! 81 years of ages. The prevalence of HBV immunity via vaccination decreased with age, from the highest level of 75.5% in subjects less than 2 years of age to 10.5% in subjects ! 81 years of ages. The prevalence of HBV susceptibility was almost more than 30% in all age groups of the total study population.
Yearly-related prevalence of HBV infection
The yearly-related prevalence of HBV infection is shown in Table 5 , the prevalence of HBsAg was relatively consistent throughout each year for the entire study period, from 5.7% in 2008-2009 to 6.1% in 2018. The prevalence of HBV susceptibility, immunity via vaccination and previous/ occult HBV infections were also stable at around 30% annually from 2008 to 2018.
Prevalence of HBV infection among the sub-total population
The prevalence of HBsAg was 49.9% (5,757/11,535) among 11,535 patients visiting the hepatitis and infectious disease clinic # % value indicates the number of each category that were divided by the total number of study population (n = 696,048). ## The healthy population consisted of employees from companies, schools, hospitals, or government agencies in Beijing who underwent annual health examinations.
Table 2
The definition of different stages of HBV infection on the basis of serological markers.
HBsAg
Anti-HBs HBeAg Anti-HBe Anti-HBc # Immune via vaccination, only positive reaction of anti-HBs with concentration ! 10mIU/mL (HBV immunity). ## Comparison of prevalence of HBV susceptibility between overall men and overall women; the same patterns were used for other comparisons in Table 3 .
[52.7% (3,637/6,896) for male patients and 45.7% for female patients (2,120/4,639)]. As nearly 50% of the 11,535 patients visiting the hepatitis and infectious disease clinic had chronic HBV infection, and in order to make our study population (696,048) closer to community population, data of these 11,535 patients were removed from the total population and Table 6 was prepared with the rest (termed sub-total population, n = 68, 4513) of the total population. The results or trends of the sub-total shown in Tables 6 were similar to results or trends of total population shown in Table 3 .
Prevalence of HBV infection among the healthy population
There were 133,491 healthy subjects from the health medicine department who underwent annual health examinations during the 10 year study period, all of whom were employees from companies, schools, hospitals, or government agencies in Beijing. The healthy subjects were tested for all five marker of HBV serology and the results are shown in Table 7 . The prevalence of HBsAg was 4.3% (5, 695/ 133, 491) among the healthy population, 5.2% (3,869/74,263) for men and 3.1% (1,826/59,228) for women. Men also had a significantly higher prevalence of previous / occult HBV infection, inactive HBsAg carrier, active HBV infection, and HBsAg than women (v 2 = 81.9-414.6, P < 0.0001). Women had a significantly higher prevalence of immunity via vaccination than men (v 2 = 518.1, P < 0.0001).
Comparison of prevalence of HBV infection among adult age groups
Comparison of prevalence of HBV infection among four age groups between the adult healthy population and adult sub-total population are shown in Table 8 . The prevalence of HBV susceptibility and HBsAg (including inactive HBsAg carrier and HBV active infection) were significantly lower in four age groups (21-30 y, 31-40 y, 41-50 y and 51-60 y) among the healthy population than the sub-total population (v 2 = 90.7-857.2, P < 0.0001). In contrast, the prevalence of HBV immunity via vaccination was significantly higher in the four age groups among the healthy population than the sub-total population (v 2 = 567.8-2,024.1, P < 0.0001). Sub-total population: the total populations of 696,048 were subtracted by 11,535 patients visiting the hepatitis & infectious disease clinic. # Comparison of prevalence of HBV susceptibility between men and women; the same pattern was used for other comparisons in Table 6 .
Prevalence of HBV infection in subjects born during and after 1992
The prevalence of HBsAg, HBV susceptibility, and immunity via vaccination in subjects born in 1992 and later are shown in Fig. 1 
Discussion
The prevalence of HBsAg in 2015 among randomized the resident population aged 0-59 in Hangzhou, Eastern China was 6.19% [15] and 6.1% among the general Chinese population aged 1-59 years [16] . As shown in Table 3 , the overall prevalence of HBsAg was 6.4% among the total 696,048 samples from patients, pregnant women and healthy subjects following routine examinations. The first limitation of our study was that our samples were from a single center, therefore the prevalence of HBV infection may not be representative of the general population. However, due to the large sample size and since half the patients were from outside of Beijing, our results may represent a slightly wider geographical range within China. The second limitation of our study was that the subjects were not actually asked whether they had been vaccinated. So the percentage of population with anti-HBs at the concentration ! 10mIU/mL in our study was lower than the percentage of population who were actually immunized with HBV vaccine because there were many people who lost antibody over time or had no responses to the vaccination.
Similar to other reports [8, [16] [17] ; men always had significantly higher prevalence of HBsAg than women in our study (Table 6 ). This sex difference occurred not only in the ill population but also among healthy subjects undergoing routine examinations, and in patients visiting the hepatitis & infectious disease clinic. Furthermore, men were also found to have a significantly higher prevalence of previous / occult HBV infection and significantly lower prevalence of immunity via vaccination than women in the total study population, in the sub-total population (Table 6 ) and in the healthy population ( Table 7) .
As shown in Fig. 1 , it took 10 years to reduce the prevalence of HBsAg from 5.9% among populations born in 1992 to less than 1% among those born in 2002 due to the gradual increase of vaccination coverage since its implementation in 1992. There was a retrogression of HBV vaccination campaigns among subjects born between the years 2000 to 2004/5 because of a serial decrease in vaccine-induced immunity with a slight increase in participants from the susceptible population. The turning point was 2004-2005 when subjects born then and after were found to have steadily increasing incidence of immunity via vaccination and decreased incidence of HBV susceptibility.
The prevalence of HBsAg was around 0.5% in subjects 10 years of age (Table 4 ). This finding, those shown in Fig. 1 , and the findings of other studies [7] [8] [18] [19] [20] indicate that a HBV immunization program with high coverage has been established among # Comparison of prevalence of HBV immunity via vaccination between men and women of the healthy population; the same pattern was used for other comparisons in Table 7 . infants and young children in China. However, the prevalence of HBsAg among populations aged 11-20 y increased to 3.7% and 7.9% among the age group 41-50 y. This is due to a decrease in immunity via vaccination from nearly 50% to 20% and the susceptibility rate remained more than 30% (Table 4) , causing a circulation (horizontal transmission) of HBV infection among youths and adults, independent from immunized infants and young children. Furthermore, this horizontal HBV circulation (indicated as previous / occult HBV infection) continued with ages and went to population over 81 years old. Interestingly, the prevalence of HBsAg decreased in populations ! 51 years old, because the number of deaths of patients with HBsAg exceeds the number of newly emerged patients with HBsAg due to horizontal HBV infection. Unfortunately, during the 10 years from 2008 to 2018 as shown in Table 5 , the prevalence of susceptibility, previous / occult HBV infection, inactive HBsAg carrier, active HBV infection, and HBsAg, did not decline and prevalence of HBV immunity via vaccination was not found to increase despite the consistent administration of HBV vaccinations since 1992. These results confirm that HBV vaccination among infants and young children alone could not reduce the prevalence of HBV infection in the adult population rapidly, otherwise we have to wait 60 years to see the decrease of HBV infection when these immunized infants and young children reach old age. Vaccination in adults is urgently needed to reduce HBV infection in China [21] and the catch-up vaccination can yield a good immune response in adults [22, 23] . Also, 90% of anti-HBs seroconversion can be achieved in the standard schedule of vaccination in healthy adults [24] .
Adult subjects with low prevalence of susceptibility and high prevalence of immunity via vaccination were found to have a low prevalence of HBsAg. As shown in Table 8 , all four age groups (21 À 30y, 31 À 40y, 41 À 50y and 51 À 60y) of the healthy adult population were found to have a significantly lower prevalence of HBV susceptibility and higher prevalence of immunity via vaccination than the corresponding four age groups of the sub-total population (v 2 = 90.7-857.2, P < 0.0001). Meanwhile, all four age groups of the healthy adult population were also found to have a significantly lower prevalence of inactive HBsAg carrier, active HBV infection, and HBsAg than the four groups of sub-total population (v 2 = 567.8-2.024.1, P < 0.0001). Therefore, the comparison between the adult healthy and adult sub-total populations, the latter were defined as total population subtracted by patients visiting the hepatitis and infectious disease clinic, have indicated that HBV vaccination in the adult population will cause a low incidence of HBV susceptibility and subsequently reduce the incidence of HBsAg. The World Health Assembly approved the WHO global health sector strategy on viral hepatitis 2016-2021 to eliminate hepatitis B disease by 2030 with a target of reducing new infections by 90% and mortality by 65% [25] . Two Chinese studies [26, 27] suggested giving priority to diagnosis and treatment of HBV infected patients in order to reduce mortality by 65%. But reducing new infections by 90% by 2030 will be a challenge in China. Based on our survey, most of new HBV infections were coming from unimmunized youths and adults (Table 4) in China, although it is the most economical and effective way to control HBV infection in adults. The procedure of implementation of HBV catch-up vaccination seems simple; youths and adults without documentation of previous HBV infection or vaccination should be tested for anti-HBs and persons without anti-HBs should be vaccinated. The universal screen of anti-HBs and HBV vaccination in adults above is the most effective way to reduce HBV infection in adults but it may be difficult to implement due to huge population in China. An alternative way may start at high risk population such as MSM, intravenous drug users, dialysis recipients etc. This alternative way may combine with upcoming HCV eradication strategy in some countries [28, 29] , in which both anti-HBs and anti-HCV are screened to find HBV susceptible individuals and HCV infected patients among the high risk populations. HBV vaccination will be implemented in the former and direct-acting antiviral (DAA) therapy followed in the latter. However, potential unwillingness to be immunized among HBV susceptible adults could be problem, even among Chinese health care workers [30] .
Conclusions
Hepatitis B virus (HBV) has a worldwide distribution and remains a leading public health problem in China. We used automated chemiluminescence microparticle immunoassay to test all five markers of HBV serology in serum samples among 696,048 patients, pregnant women, and normal subjects in Beijing from 2008 to 2018. During the 10 years, the prevalence of HBsAg was around 0.5% in subjects 10 years of age, but total prevalence of HBsAg was stabilized at about 6.0%, and indicators of HBV susceptibility, previous / occult HBV infection, and immunity via vaccination were not further improved despite the constant implementation of HBV vaccination since 1992. Although high coverage has been established among infants and young children, their vaccination alone could not reduce HBV infection in the adult Chinese population quickly. Adult populations with more vaccinated individuals are found to have fewer individuals with HBsAg. Vaccination in adults or at least in high-risk adults is an urgent need to decrease horizontal HBV transmission in China. 
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